Introduction
============

Colorectal cancer (CRC) is the third most common cancer in the world, especially due to the deficiency of effective biomarkers with sufficient sensitivity and specificity to diagnose CRC at early stages \[[@b1-cm-88-453]\]. Colorectal carcinogenesis is a very complex process which implies interactions between tumor and stromal cells, genetic changes and alterations in various molecular signaling pathways \[[@b2-cm-88-453],[@b3-cm-88-453]\].

Peripheral blood is an accessible body fluid which can be used for non-invasive screening of early CRC. Certainly, an ideal sensitive plasma biomarker which is able to accurately predict the presence of premalignant lesions would have a great clinical application. Implementation of non-invasive biomarkers based on serum profiling could improve the screening tests for CRC. This could be a consistent progress with a great impact on clinical oncology and gastroenterology.

Current screening methods, such as the fecal occult blood test (FOBT), stool DNA test, double contrast barium enema and colonoscopy, present various limitations and/or disadvantages. Colonoscopy is invasive and entails some risks, while the other methods do not have sensitivity. Therefore, there are efforts directed towards developing novel diagnostic screening biomarkers for CRC. New molecular procedures for the detection of CRC are nowadays being analyzed, but most of these still have to be confirmed in large, randomized trials prior to the clinical application. This review presents an overview of the recent reports describing different microRNAs which could be used for the early diagnosis of CRC.

Current methods for detection of miRNAs in the blood samples
------------------------------------------------------------

In the past few years, researchers have investigated the capability of using microRNAs (miRNAs) as plasma biomarkers for the diagnosis of CRC. MiRNAs are small, 18- to 24-nucleotide RNAs that are involved in several feature of cancer biology, as tumour suppressor genes or oncogenes depending on the cellular conditions in which they are expressed. Several scientific data highlighted the role for miRNAs in CRC initiation, progression and development \[[@b4-cm-88-453]\]. However, nowadays challenge is to identify specific biomarkers such as circulating miRNAs, and provide supplementary clinical support for CRC diagnosis and prognostic.

Circulating miRNAs can be isolated from serum or plasma, but recent studies have indicated plasma to be a more adequate source for miRNA extraction \[[@b5-cm-88-453]\]. However, depending on plasma preparation both the level of circulating miRNA and the accuracy of miRNA biomarkers can be altered. Cheng et al. \[[@b6-cm-88-453]\] showed that differences in sample processing regarding filtration and centrifugation modified the levels of residual platelets in samples, which had a significant impact on the level of miRNAs. Consequently, supplementary centrifugation, the refusal of samples with platelet counts above a certain limit and the quantification of hemolysis are mandatory in order to determine the biases that might alter the measuring of miRNA levels.

There are a few studies which have described differences in the quantity and quality of RNA extracted based on the diverse kits used \[[@b7-cm-88-453]--[@b9-cm-88-453]\]. In one of these studies, Kroh et al. \[[@b7-cm-88-453]\] analyzed the efficiency of two methods, using extraction kits based on silica-membrane-based purification provided by Qiagen and Ambion, and they detected greater miRNA yield following the Qiagen protocol. Moreover, Li et al. \[[@b8-cm-88-453]\] carried out an assessment of three commercial kits such as miRNeasy kit (Qiagen), Total RNA Purification Kit (Norgen) and miRVana Kit (Ambion) and discovered that RNA extraction using both Norgen and Qiagen kits have a better quality compared to that obtained by Ambion Kit. Thereby, it is important to pre-evaluate the extraction procedures and to manage the differences of miRNA transcripts that might emerge from various sample preparation, before related them to different pathologies including cancer.

Although several methods to quantify miRNA are currently available, quantitative real-time PCR (qRT-PCR) represents the "gold standard" for this approach. Two methods based on TaqMan probes and SYBR Green I labeling are currently used for miRNA detection, and it seems that the TaqMan probes present higher specificity \[[@b10-cm-88-453]\].

MiRNAs and colorectal cancer
----------------------------

Until now, several studies have investigated miRNA expression in CRC and showed that miRNAs are consistently modified in this pathology. An important element of these studies highlighted the higher expression of miRNA in CRC comparing with healthy controls and benign forms, sustaining the hypothesis that abnormal miRNA expression has an important role in CRC initiation and development. After miRNAs discovery, several methods for assessing their relative abundance in biological samples have been developed. Thus, the most used methods include reverse transcription-quantitative PCR (RT-qPCR), miR-microarray hybridization and small RNA sequencing \[[@b11-cm-88-453]\].

The capacity to quantify miRNA expression from blood provides a huge advantage as a non-invasive method for CRC diagnosis. MiRNAs represent a promising new tool for the development of CRC biomarkers, because they are surprisingly stable in blood, require less than 2 ml of blood for analysis, and the collected blood can be sent by mail in cold packs ([Table I](#tI-cm-88-453){ref-type="table"}).

Ng et al. \[[@b12-cm-88-453]\] described for the first time the quantification of miRNAs in the plasma from CRC patients by real-time qRT-PCR. They have found elevated plasma levels of miRNA-135b, miRNA-95, miRNA-222, miRNA-17-3p and miRNA-92 in CRC patients when compared to control group. Furthermore, the elevation of miRNA-92 could distinguish CRC from other diseases, such as gastric cancer and inflammatory bowel disease. Similar results sustained the presence of miRNA-29a and miRNA-92a in CRC plasma and pointed out their role as new possible biomarkers for CRC early screening \[[@b13-cm-88-453]\]. In addition, Cheng et al. \[[@b14-cm-88-453]\] studied the link between CRC stages and circulating miRNAs levels. They quantified miRNA-21, miRNA-92 and miRNA-141 by qRT-PCR and revealed that only the miRNA-141 level was notably connected with CRC stages, despite the fact that all of the three miRNAs showed different expression in CRC plasma when compared to control groups \[[@b14-cm-88-453]\].

Several studies revealed the oncogenic role of miRNA-21 by down-regulating of tumor-suppressor genes and busting of cell proliferation \[[@b14-cm-88-453], [@b15-cm-88-453]\]. High levels of plasma miRNA-21 can anticipate the CRC incidence with 90% specificity and sensitivity \[[@b16-cm-88-453]\]. Besides that, miRNA-21 has been found increased in many other solid tumors \[[@b17-cm-88-453]\], having an important role in cancer initiation, progression and metastasis. Recently, Fang et al. \[[@b18-cm-88-453]\] revealed that plasma levels of miRNA-24, miRNA-320a and miRNA-423-5p have promising potential as novel biomarkers for early detection of CRC, with a sensitivity of 77.78 %, 90.74 % and 88.89 %, respectively. These circulating microRNAs were down-regulated in CRC patients.

Despite the high diagnostic potential of a single miRNA, various studies have focused on the elaboration of a panel of multiple miRNAs to serve as biomarkers ([Table II](#tII-cm-88-453){ref-type="table"}). Kanaan et al \[[@b19-cm-88-453]\] carried out a study analyzing 380 plasma miRNAs, and discovered a panel of 8 miRNAs (miRNA-532-3p, miRNA-331, miRNA-195, miRNA-17, miRNA-142-3p, miRNA-15b, miRNA-532 and miRNA-652) that could distinguish patients with adenomas from healthy controls, as well as a panel of 5 miRNAs (miRNA-331, miRNA-15b, miRNA-21, miRNA-142-3p and miRNA-339-3p) that could distinguish advanced colorectal adenoma from CRC patients. Giraldez et al \[[@b20-cm-88-453]\] also found out a panel of 6 miRNAs (miRNA-18a, miRNA-19a, miRNA-19b, miRNA-15b, miRNA-29a and miRNA-335) to be up-regulated in CRC patients, and discovered miRNA-18a to be notably up-regulated in patients with advanced adenomas. Although adenomas are benign tumors, part of them may transform into malignant tumors \[[@b21-cm-88-453], [@b22-cm-88-453]\]. Some miRNAs involved in tumorigenesis present aberrant expression even since the adenoma stage. MiRNA-21 is a convenient exemplification of this because it is elevated in both adenomas and colon carcinomas \[[@b19-cm-88-453]\]. MiRNA-135b may also have a role in the early stages of CRC because it has been found increased in adenomas and one of its targets involve the adenomatous polyposis coli (APC) gene, a constituent of the Wnt signaling pathway commonly down-regulated in adenomas \[[@b23-cm-88-453]\]. The miRNA-17-92 cluster has also high expression in adenomas and thought it might have a role in the adenoma-carcinoma transition \[[@b24-cm-88-453]\]. In a recent study which enrolled 113 patients with CRC, Wang et al \[[@b25-cm-88-453]\] evaluated miRNAs panels isolated from serum, and discovered a panel of 6 miRNAs that could accurately detect CRC incidence (miRNA-21, let-7g, miRNA-31, miRNA-92a, miRNA-181b and miRNA-203) with 93% sensitivity and 91% specificity, significantly higher than any single conventional biomarker such as CEA or CA19-9. In the same study, for the same serum samples, the sensitivity of CRC detection by CA19-9 and CEA were 35% and 23%, respectively. Thereby, circulating miRNAs and especially a combination of multiple serum miRNAs appear to become promising non-invasive biomarkers mainly for early detection of CRC including adenomas.

Conclusions
===========

Clinical studies including significant numbers of CRC patients (covering all the stages of CRC) as well as patients with precancerous lesions (small adenomas and advanced adenomas) and control patients are needed in order to confirm the value of circulating miRNAs in CRC detection. Although individual miRNA markers are promising tools for the detection of CRC, a panel of miRNA biomarkers could improve the accuracy of early diagnosis of this malignancy. The development of non-invasive biomarkers might determine a higher compliance in CRC screening rates, earlier diagnosis of CRC and in general a decrease in cancer burden.
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###### 

Individual circulating miRNAs as potential diagnostic biomarkers for CRC.

  miRNA                                      Findings                             References
  ------------------------------------------ ------------------------------------ ---------------------------------------
  **miRNA-21**                               Up-regulated in CRC                  Ahmed FE et al \[[@b15-cm-88-453]\]
  Kanaan Z et al \[[@b16-cm-88-453]\]                                             
  **miRNA-92a**                              Up-regulated in CRC                  Ng et al \[[@b12-cm-88-453]\]
  Huang et al \[[@b13-cm-88-453]\]                                                
                                                                                  
  **miRNA-29a**                              Up-regulated in CRC                  Huang et al \[[@b13-cm-88-453]\]
                                                                                  
  **miRNA-141**                              Up-regulated in CRC                  Cheng H et al \[[@b14-cm-88-453]\]
  Linked with CRC stages                                                          
                                                                                  
  **miRNA-135b**                             Up-regulated in CRC                  Ng et al \[[@b12-cm-88-453]\]
  Up-regulated in adenomas                   Nagel R et al \[[@b23-cm-88-453]\]   
                                                                                  
  **miRNA-95**                               Up-regulated in CRC                  Ng et al \[[@b12-cm-88-453]\]
                                                                                  
  **miRNA-222**                              Up-regulated in CRC                  Ng et al \[[@b12-cm-88-453]\]
                                                                                  
  **miRNA-17-3p**                            Up-regulated in CRC                  Ng et al \[[@b12-cm-88-453]\]
                                                                                  
  **miRNA-17-92 cluster**                    Up-regulated in adenomas             Diosdado B et al \[[@b24-cm-88-453]\]
  Role in the adenoma-carcinoma transition                                        
                                                                                  
  **miRNA-18a**                              Up-regulated in advanced adenomas    Giraldez et al \[[@b20-cm-88-453]\]
                                                                                  
  **miRNA-24**                               Down-regulated in CRC                Fang et al \[[@b18-cm-88-453]\]
                                                                                  
  **miRNA-320a**                             Down-regulated in CRC                Fang et al \[[@b18-cm-88-453]\]
  **miRNA-423-5p**                           Down-regulated in CRC                Fang et al \[[@b18-cm-88-453]\]

###### 

Panel of circulating miRNAs as potential diagnostic biomarkers for CRC.

  miRNA panel                                                                    Findings                                                 References
  ------------------------------------------------------------------------------ -------------------------------------------------------- -------------------------------------
  miR-532-3p, miR-331, miR-195, miR-17, miR-142-3p, miRw-15b, miR-532, miR-652   Could distinguish adenomas from controls                 Kanaan et al \[[@b19-cm-88-453]\]
  miRNA-331, miRNA-15b, miRNA-21, miRNA-142-3p, miRNA-339-3p                     Could distinguish advanced colorectal adenoma from CRC   Kanaan et al \[[@b19-cm-88-453]\]
  miRNA-18a, miRNA-19a, miRNA-19b, miRNA-15b, miRNA-29a, miRNA-335               Up-regulated in CRC                                      Giraldez et al \[[@b20-cm-88-453]\]
  miRNA-21, let-7g, miRNA-31, miRNA-92a, miRNA-181b, miRNA-203                   Up-regulated in CRC                                      Wang et al \[[@b25-cm-88-453]\]
